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2.1 ( ) $\phi_{t}$ .
( ) $\theta_{1}$ [$5J$.
$\theta_{sw}(0<\theta_{sw}<\pi/2)$
$\phi_{t}\in\{x||\Theta(x)|<\theta_{sw}\}$ (1)
$t\geq 0$ , $\phi_{t}$ $\theta_{\epsilon w}$ (s’i&-bomded)









$\mathcal{M}$ involution ($R\circ R=id$ $R:\mathcal{M}arrow \mathcal{M}$ ) ,
, (2) reversal symmetry ( , ) .
$R\circ F=F^{-1}\circ R$ (3)
, ( $+$ )
.
$H_{0}(q,p)= \frac{1}{2}p^{T}M(q)^{-1}p+U(q)$ (4)
$\phi_{t}$ : $(q(t_{0}), p(t_{0}))\mapsto(q(t_{0}+t), p(t_{0}+t))$ . , $H_{0}$ irmo-




Fix $(R)$ Fix $(R\circ\phi_{t})$ .
, ($\varphi mme$ c orbit)
. , , $R$
.
. $R$ $R$- $\phi_{t}$
Fix$(R)$ Fix $(R\circ\phi_{t})$ ,







3 2 . $q=(q_{1}, q_{2})$ $\mathcal{N}:=\{q\in$
$S^{2}||q_{1}|\leq\pi/2$ and $|q_{1}|<|q_{2}|$ } . $z=(q,p)$ $\mathcal{M}=T\mathcal{N}$
. $P$ $p=M(q)\dot{q}$ . ,
$M(q)=\{\begin{array}{ll}(m_{1}+2m_{2})L^{2}+\pi b_{2}(L-b)^{2} -rrb_{2}bLc\cdot os(q_{1}-q_{2})-m_{2}bLcos(q_{1}-q_{2}) m_{2}b^{2}\end{array}\}$
$u_{1}=\tau\in \mathcal{R}^{1}$ .
$\{\}$ , 2 [7]
.
$\dot{z}^{\mu}=\{z^{\mu}, H_{0}\}-\{z^{\mu}, H_{1}\}u_{1}$ $(\mu=1,2,3,4)$ (6)
30
3: : $q_{1}$ $q_{2}$
. $m_{1}$ $m_{2}$ . $b$
. $L$ . $\tau$ . .
$H_{0}(q,p)= \frac{1}{2}p^{1’}M(q)^{-1}p+U(q)’$ , (7)
$H_{1}(q)=q_{1}-q_{2}$ . (8)
($g$ ).
$U(q)=(m_{1}+2m_{2})gL\cos q_{1}-m_{2}gb(\cos q_{1}+\cos q_{2})$ (9)
, (6) $u_{1}=0$ $R$- $\phi_{t}$ .
involution $R$ : $(q,p)\mapsto(q, -p)$ , $q$- .
$R:(q_{1},q_{2},p_{1},p_{2})rightarrow(-q_{1}, -q_{2},p_{1},p_{2})$ (10)
(10) $q_{1}+q_{2}=0$ ,
iruolution . $U(q)$ $R$ , $R$
$\phi_{t}$ .
, $R$ $R$- $\phi_{t}$
. . $q_{1}+q_{2}=0$ $P\iota+p_{2}=0$
, (10)
. , , $\phi_{t}$
.
$F:=\phi_{t}|_{t=1^{1}}$ (11)
$T>0$ $q_{1}+q_{2}=0$ . ,
Fix $(F\circ R)$ .




. , (27) . $q_{1}+q_{2}=0$











$F_{\epsilon w}$ : $(q_{1},q_{2},p_{1},p_{2})rightarrow(q_{2}, q_{1},p_{2},p_{1})$
if $q_{2}=\overline{\theta_{1}}$ and $\frac{d}{dt}|q_{2}|>0$
(13)
. , $\overline{\theta_{1}}\geq 0$ ( )
. (12) (13) [2].
(12)
$H_{c}(x)= \frac{1}{2M_{c}}p_{1}^{2}+(rn_{1}+2m_{2})gL$cos $q_{1}$ , (14)
I-DOF . , $M_{c}=(m_{1}+2m_{2})L^{2}-2m_{2}bL$ .
[9] .
[101 . (13) .
3.1 $F_{c}$ (14) . (12) $R$
. , (13) ,
$M_{l1}=\{x|H_{c}(x)=c, h(x)=0, |\Theta ox|\leq\overline{\theta_{1}}\}$ (15)
. $\blacksquare$
3.1 .
3.1 (1 (13) .
Fix $(F_{c}\circ R)$ $=$ $\mathcal{M}_{I}^{F}$ , (16)






3.1 $\mathcal{M}_{I}^{F}’\cup \mathcal{M}_{l}^{It}$ . , $\mathcal{M}_{1}^{F}\cup \mathcal{M}_{I}^{R}$
. ,
(16) 1 , (17) 2 . .
$\mathcal{M}_{I}$ . Unilateral $\mathcal{M}_{I}$
[3], .
, $R$ . ,
.
[11] ,
$R_{1}$ : $(q_{1},q_{2},p_{1},\mu_{2})rightarrow(-q_{1}, -q_{2},\eta(q)p)$ , (20)
. $\det(\eta(q))\leq 1$ ( $q=0$ ). $R_{1}$
involufion . , (14) H ,
$H_{c}(x(t_{+}))-H_{c}(x(t_{-}))\leq 0$. (21)
. $t_{-},$ $t_{+}$ . ,
.
, .
3.2 $\omega$- $L^{+}=$ $(\overline{\theta_{1}}, -\overline{\theta_{1}},0,0)\cup(-\overline{\theta_{1}},\overline{\theta_{1}},0,0)$
, $\mathcal{M}_{I}$ $\blacksquare$
( ) 3.1 . $H_{c}(14)$ ,
\delta alle’s [12] .
5 3.1 32 . 1
(14) ,
. . $|q_{1}|=\overline{\theta_{1}}$
$\mathcal{M}$ $\{x||p|>\sqrt{2M_{r}(m_{1}+2rm_{2})gL(1+\cos q)}\}$ ( I $\cup m$) $\{x||p|<$




, (20) ( ). .
I II . ,
. II , II IV .
$\omega$- : $L^{+}=(\overline{\theta_{1}},0)\cup(-\overline{\theta_{1}},0)$ . $L^{+}$
33
(a) (10) (11) Fix$(F\circ R)$ 4 (b)
4: ( ) . : $m_{1}=2,m_{2}=$
1.2, $b=0.2,$ $L=0.4$. : $q_{1}^{*}=-0.5,$ $-10\leq p_{1}^{*}\leq 0$
5: (12) (13) ((14) ).
$\overline{\theta_{1}}=0.3$ . (20) $(q(O),p(O))=(-03,15)$
$($0.3, $0)\cup(-0.3,0)$ . ,






6: . $m_{1}=5,$ $m_{2}=1.2,$ $L=0.4,$ $b=0.2$ ; $q_{1}(0)=$
$0.2=-q_{2}(0),$ $p_{1}(0)=1.7,$ $p_{2}(0)=-0.2$; $\overline{\theta_{1}}=0.2$ . $(a),(c)$ : . (b),(d):





. $L^{+}$ $\mathcal{M}_{1}$ .
6 $=$ . 6(a) 6(c)
, 6(b) 6(d) . 2 (7)















$q=(r, \theta, \phi)\in \mathcal{R}\cross S^{2}$ , $\mathcal{N}=\{q\in$
$\mathcal{R}\cross S^{2}||\theta|\leq\pi/2\}$ . $\mathcal{M}=T^{*}N$ $z=(q, p)$ .
, $p=(p_{r}, p_{\theta}, p_{\phi})=(rn\dot{r},$ $(J_{l}+mr^{2})\dot{\theta},$ $J_{b}\dot{\phi})$ . ,
$m=m_{b}+m_{l}$ , $J_{l}=J_{u}+\overline{m}m_{b}\mp m_{l}$ .
$\Re$ .
3 .
$\dot{z}^{i}=\{z^{i}, H_{0}\}-\{z^{i}, H_{1}\}u_{1}-\{z, H_{2}\}u_{2}$
(22)
$(i=1,2, \cdots 6)$
, $u=(u_{1}, u_{2})=(\rho, \tau)$ ( , ),
.
$H_{0}(q,p)$ $=$ $\frac{1}{2}p^{1}’ M(q)^{-1}p+U(q)’$ , (23)
$H_{1}(q)$ $=$ $r$ (24)
$H_{2}(q)$ $=$ $\theta-\phi$ (25)
$U(q)$ $=$ $mgr(1+ \cos\theta)+\frac{1}{2}K_{l}(r-r_{0})^{2}+\frac{1}{2}K_{h}(\theta-\phi)^{2}$ (26)
36
7: 1 : $m_{b},$ $m_{[}$ , $J_{b},$ $J_{u}$ . $\rho$ $\tau$
.
8: 1 ( ) .
, $r_{0}$ . , .
, ( ) . ,
. [141 .
, (22) ( ) $R$- $\phi_{\iota}$ .
involution $(R:=(q,p)rightarrow(q, -p))$ , involution .
$R$ : $(r, \theta, \phi, p_{r}, p_{\theta}, p_{\phi})$
$rightarrow(r, -\theta, -\phi, -p_{f}, p_{\theta}, p_{\phi})$ . (27)
volution , (
) ,
( 8 ). (26) $U(q)$ $R$ , $\phi_{t}$
$R$- .
















, 2 Poincar\’e ( “Dn
)
. $r(T_{s})=r_{0}$ .

















. , (27) , $\theta$ (











, ( 9 ).
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